Description 


SPRING MEMBER FOR ROTATIONAL ACTION 

Technical Field 

This invention relates generally to springs, and more 
specifically concerns springs which are designed for rotational 
action. 

Background of the Invention 

A rotational spring refers to a spring which twists in 
one direction under force, storing energy, and then, when the 
force is released, returns to or toward its original position. 
Such rotational springs are in general well known, and numerous 
arrangements accomplish the basic rotational action. It is 
typically desirable, although not necessary, in certain 
applications that a rotational spring have a symmetrical spring 
rate (in both the clockwise and counter-clockwise directions) , 
while at the same time being inexpensive and convenient to 
manufacture. The present invention is a low-cost rotational 
spring with a symmetrical spring rate. 

Disclosure of the Invention 

Accordingly, the present invention is a spring 
adapted for rotational action, comprising: a first member adapted 
for attachment by an appliance body member; a second member 
spaced apart from the first member and adapted to receive a 
driving member, wherein when the driving member moves through a 
selected range of movement, the second element rotates in 
response thereto; and at least two leg members connecting the 
first and second members, wherein when the driving member moves 
to an end point of its range of movement, having rotated the 
second member with the leg members attached thereto, the energy 
stored in the spring thereby tends to return the spring toward 
its original position. 

In a somewhat different arrangement of the spring, 
there is no first element but the leg members have portions at 


2 

the free ends thereof which are adapted for secure attachment of 
the spring to the appliance body, to provide the desired 
rotational action. 


Brief Description of the Drawings 

Figure 1 is a side elevational view showing the 
rotational spring of the present invention in the context of a 
rotary drive power toothbrush. 

Figure 2 is a simplified diagram showing the 
rotational spring of the present invention in a three-legged 
configuration . 

Figure 3 is a simplified diagram showing an 
alternative arrangement of the rotational spring of the present 
invention. 

Best Mode for Carrying Out the Invention 

Figures 1 and 2 show the rotational spring of the 
present invention, with Figure 1 being shown in the context of a 
particular application, i.e. a rotary drive power toothbrush. It 
should be understood, however, that the rotational spring of the 
present invention is not limited to use with a power toothbrush. 
Any similar appliance, wherein a tool or head member rotates back 
and forth through a limited arc, is a possible candidate for the 
rotational spring shown and described herein. 

The rotational spring of the present invention, shown 
generally at 10, in the embodiment of Figures 1 and 2, includes a 
ring-like base member 11, a circular plate or disc upper member 
12 and a plurality of leg members 14 which extend between base 
member 11 and the plate member 12 . In the present invention, 
rotational spring 10 includes at least two leg members 14, 
although three substantially equally spaced leg members are 
presently preferred. It should be understood, however, that more 
than three leg members can be used. 

The base member 11 has a diameter which can vary, 
depending upon the article to which it is fixed. The cross- 
sectional configuration of the base member can also vary. It can 
be circular, square, rectangular, elliptical or some other 


configuration. The base member 11 will remain fixed in position 
during the rotational action of the spring. Referring to Figure 
1, the base member 11 is shown in the configuration of a ring, 
abutting the upper surface 19 of a handle portion 18 of a power 
toothbrush. 

Extending downwardly from base member 11 in Figure 1 
(not shown, in Figure 2) are a plurality of connecting meitibers 20, 
which fit securely into the body of handle 18. The connecting 
members can be snap-fitted to the handle, or secured by some 
other similar means, which securely position the base member into 
handle 18 (or the top portion of another appliance) . The number 
of connecting members 2 0 and their arrangement can vary. While 
the connecting members are shown as extension of the leg members, 
that is not necessary. They can extend from any part of base 
member 11. Further, other attaching means can be used to secure 
the base member to the handle. It is important, however, that 
the connections between base member 11 and the handle 18 be 
secure, because, as indicated above, when the spring is rotated, 
base member 11 must remain fixed in position, although in some 
cases, the arrangement is such that there is some "lost motion", 
i.e. member 11 will initially rotate a small amount before 
becoming fixed. 

Also, in another particular embodiment, member 11 
could be just a seal between a head portion of a toothbrush (or 
other appliance) and the body of the appliance. The connecting 
members 20 at the end of the legs provide the secure attachment 
to the body of the appliance. In such a case, the spring 
comprises the driven member (member 12 in Figures 1 and 2) and at 
least two legs which extend therefrom with connecting members at 
the ends thereof for secure connection to the body of the 
appliance . 

Figure 1 shows the body of toothbrush handle 18, which 
will typically include a motor 22 and a drive shaft 24, which is 
supported by a circular bearing 26. Drive shaft 24 will rotate 
in operation through a predetermined arc. Drive shaft 24 extends 
upwardly through the center of ring-shaped base member 11 . The 
arrangement of Figure 1 as part of a power toothbrush, however. 
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is for illustration only, to clarify the operation of the 
rotational spring of the present invention, and should not limit 
the scope of the present invention. 

Upper member 12 is a relatively thin disc-like 
5 element, with a central opening 30 (shown clearly in Figure 2) 
which accommodates the drive shaft 24 of the appliance device 
with which the spring is used, such as a toothbrush in Figure 1. 
Opening 3 0 is designed to mate with the cross-sectional 
configuration of the drive shaft 24 and is typically fitted to 

10 the drive shaft by a press-fit, so that rotation of the drive 
shaft will rotate upper member 12. The cross-sectional 

configuration of the drive shaft and the configuration of the 
opening in member 12 can be square, hexagonal or other 
configuration which may assist in mutual rotation. Upper member 

15 12 adds inertia to the rotational spring and is responsible for 
part of the overall flexure of the spring and as such absorbs 
energy during rotation of the spring produced by action of the 
driving element, e.g. drive shaft 24. 

The leg members 14, as indicated above, extend 

20 directly between and connect base member 11 and upper member 12. 
While the diameter of the upper member 12 is typically selected 
to be as close as possible to the diameter of the lower base 
member 11 (and in some cases could be the same diameter) , 
typically the upper member is somewhat smaller in diameter, so 

25 that leg members 14 angle inwardly between the lower base member 
11 and upper plate member 12, as shown in Figures 1 and 2. The 
cross-sectional configuration of the leg members can vary, like 
the cross-sectional configuration of the base member 11, e.g. 
circular, square, rectangular or elliptical. Each shape has a 

30 somewhat different functional characteristic. It has been 
discovered that generally elliptical tends to be optimal relative 
to the combined torsional and bending loading of the rotational 
spring. A circular configuration tends to reduce stress in 
torsional loading, while rectangular tends to reduce stress in 

35 bending- type loading. 

As indicated above, different numbers of legs can be 
used, although there must be at least two. The legs can 
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bifurcate between the upper member and the base member. The 
length of the legs (determined by the distance between members 11 
and 12 and their relative diameters) will assist in determining 
the spring rate of the rotational spring 10. The spring rate 
5 will decrease with the length of the spring. While leg members 
14 typically will be straight, they can also be bent or curved to 
some extent. They can remain constant in size or cross-section, 
or they can vary to some extent along their length, which can be 
used to manipulate the tension along the length of the legs. 

10 Leg members 14 will typically be fixedly connected to 

both the base member 11 and the upper member 12, although 
different kinds of connections can be made to produce different 
effects. For instance, a pin joint (at either end) can be used, 
with the axis of the pin being coplanar with the axis of the 

15 motion of the spring. This results in a free-bending motion of 
the spring. Free torsion motion can be achieved with a bearing- 
type of mount for the leg members; such a mount can also be used 
at either end of the leg members. Still further, a key-hole 
(slot) arrangement can be used that allows some freedom in the 

20 overall range of motion of the spring, i.e. the end of the leg is 
free to move a very short distance following initial action of 
the drive shaft before the twisting action on the legs begins. 
When there is no slot, twisting begins upon initial action of the 
drive shaft. 

25 Base member and upper member and the leg members can 

be made of various materials. For instance, they can be made 
from metal or plastic, for instance, injection-molded elastomeric 
material. Any material, however, must have the capability of 
repeatedly returning to or toward its original position after it 

30 has been twisted or rotated in one direction. It must provide 
consistent, long-lived action. 

The members 11 and 12 can be parallel, so that the 
free end member (member 12 in Figure 1) exhibits rotational 
motion. They also can be non-parallel, in which case the free 

35 end member will exhibit both rotational and translational motion. 
In another variation, the spring could be generally tubular 
between the two members or conical, such as shown in Figures 1 


and 2. This will affect both the spring rate and the loading on 
the leg members during rotation of the spring. 

In Figures 1 and 2, the base member 11 is fixed by- 
attachment to handle 18 and the upper member 12 is driven by 
drive shaft 24 and rotates in operation, twisting the leg members 
14. However, the base member could be the rotating, driven 
member and the upper member could be the fixed member. This is 
illustrated in Figure 3. The upper member 40 is ring-like and is 
fixedly supported by element 42 , which surrounds or partially 
surrounds element 40. The base member 44 is free to rotate and 
is driven by the oscillating drive shaft 46. The base and upper 
members are connected by leg members 48. Figure 3 thus 
illustrates that the upper and lower members, respectively, can 
be either fixed or driven. 

In a toothbrush embodiment, rotational spring 10 of 
the present invention is part of a removable head portion of the 
toothbrush. This arrangement can be used to advantage relative 
to a number of possible special structural features of the 
toothbrush. For instance, referring to Figure 1, elas to- 
resistive (or piezoelectric) pads 21 could be used at the base of 
the connecting members 20 in the handle to sense a reactive load 
on the spring assembly, or electrical connections could be placed 
in the connecting members to permit communication with elements, 
such as a microchip, in the head portion. Pressure information 
can be routed from the pads 21 to a microprocessor {not shown) or 
similar device in handle 18 to provide an indication of the load 
on the spring 10. Further, there is room in the head portion for 
a fluid path line 29 from a reservoir (not shown) in the handle 
through the interior of the spring (adjacent the drive shaft) and 
then into a brush portion 25. A check valve 27 could be 
positioned in the brush portion 2 5 for control of the exit of 
fluid. A microchip 31 also could be imbedded into the spring 
structure (or a surrounding element) which would provide 
information concerning the identification of the head portion. 
Wire connecting elements 3 3 could extend from the chip 31 through 
the leg members 14 down to the electrical connections in 
connecting members 20. 


In operation of the spring arrangement of Figure 1, 
motor 22 will rotate drive shaft 24 in one rotational direction 
through a certain selected arc toward its original position. The 
spring 10 will then rotate via the releasing of the stored force, 
back through that same arc. In certain arrangements, the spring 
will return fully to its original position. The base member, as 
indicated above, will remain fixed in position during this 
action, with some lost motion in certain arrangements. The upper 
member will move slightly up and down as drive shaft 24 and the 
elements of rotational spring 10 {except base member 11) twist. 
The amount of twist will depend upon the amount of rotational 
force applied. However, the upper member 12 will desirably 
remain substantially in parallel with the plane of the base 
member, i.e. it will not tilt or bend off the Z (vertical) axis. 
Typically, the upper member will rotate in the range of +7°-+10° 
about a central node point, thereby providing an overall arc of 
14-20°. As indicated above, while the spring twists about its Z 
axis, it does not produce movement into the X-Y plane and does 
not bend about the X-Y axis. An odd number of legs will orient 
the brush portion 2 5 (or other tool) in one direction. With an 
even number of legs, multiple orientations are possible. 

The rotational spring of the present invention 
surroiinds the drive member for the spring. In one embodiment, 
the spring is unitary. It could also be segmented. The spring 
rate can be varied by selecting the materials of the spring and 
the dimensions of the spring as well as the number of legs. An 
elastomeric or other overmold can be used over the leg members to 
provide an enclosure for the spring forming a complete head 
portion for the appliance. 

The rotational spring of the present invention, 
surrounding the drive member, eliminates multiple springs or 
springs which must move around a drive shaft in typical 
rotational spring arrangement. The present spring, while 

accomplishing a symmetric spring rate and providing reliable, 
consistent operation, is relatively inexpensive and easy to 
manufacture . 


Although a preferred embodiment of the invention has 
been disclosed here for purposes of illustration, it should be 
understood that various changes, modifications and substitutions 
may be incorporated without departing from the spirit of the 
invention, which is defined by the claims which follow. 

What is claimed is: 


